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For the  pas t  four  yea r s ,  members of the  Ohio S t a t e  produced by proton capture.  Such s t u d i e s ,  we expect ,  
University Van de Graaff group, i n  co l l abora t ion  with w i l l  lead t o  a b e t t e r  knowledge of conf igurat ions  more 
r e sea rche r s  from the  Univers i ty  of Kentucky and Indiana complex than those seen i n  proton capture;  
Univers i ty ,  have been ca r ry ing  out a program of s t u d i e s  3 -pa r t i c l e  -- 3-hole s t a t e s ,  thought t o  be important i n  
of r a d i a t i v e  capture  r eac t ions  a t  IUCF. S t a r t i n g  with t h e  region of the  o r igna l  g ian t  d ipo le  resonance,7 
t h e  dual motivations of i n v e s t i g a t i n g  the  systemat ics  should be more predominant i n  3 ~ e  capture  than i n  most 
of such reac t ions  i n  the  in termediate  energy region and o t h e r  r eac t ions ,  f o r  example. 
looking f o r  captures  t o  more highly-excited s t a t e s  than 
had been poss ib le  t o  observe e a r l i e r ,  we have made 
s e v e r a l  d i scover i e s  of unexpected phenomena which a r e  
providing important i n s i g h t s  i n t o  the  nuclear  
conf igurat ions .  
Our f ind ings  have included the  discovery t h a t  
proton capture  t o  c e r t a i n  highly exc i t ed  s t a t e s ,  i n  
l i g h t  nuc le i  dominates the  observed gamma-ray spec t ra ;  l 
our follow-up experiments, based on ideas  generated by 
our i n i t i a l  observat ions ,  showed t h a t  g i an t  resonances 20 30 40 50 
E, (MeV) 
a t  2hw e x c i t a t i o n  e x i s t ,  b u i l t  on s t a t e s  a t  lhw ( see  
Fig. 1). A very recent  r e s u l t ,  being readied f o r  
submission, now shows t h a t  even "higher harmonic" g ian t  5- II 11 
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resonances e x i s t  (see  Fig. 2).4 I n  a somewhat 
4- Excitation Function 
d i f f e r e n t  d i r e c t i o n ,  we have a l s o  found s t rong  Pi (2hw--+lhw). - $ 3- s i m i l a r i i t e s  i n  angular d i s t r i b u t i o n s  and analyzing n (b) 3. powers between capture  t r a n s i t i o n s  i n  closed-subshell  "2.  / 
-01-0 
nuc le i  and t h e i r  neighbors wi th  an add i t iona l  proton. 
,/ 
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Most r ecen t ly ,  we have begun studying r a d i a t i v e  capture  '--- 
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now reinforced with measurements r ecen t ly  completed, Ex (MeV 
show s i g n i f i c a n t l y  d i f f e r e n t  f i n a l - s t a t e  populations by 
:;gure li2 The "Second Harmonic" g ian t  resonance i n  
3He capture  than those  seen i n  t h e  same nuc le i  when B(P,Y) C. 
f ind ings  on the  r e l a t e d  t r a n s i t i o n s  i n  neighboring 
n u c l e i ,  and the  p red ic t ions  of the  general ized 
I I I d i r ec t - semid i rec t  capture  p i c t u r e  developed5 t o  
understand the  o r i g i n a l  data.  Coincidence experiments,  
designed t o  s tudy the  p a r t i c l e  and gamma decays of t he  
s t a t e s  s t rong ly  populated i n  i d e n t i f i c a t i o n  and na tu re  
of t he  f i n a l  s t a t e  conf igurat ions .  F i n a l l y ,  t he  
s t u d i e s  of complex-projecti le capture  (previously  
s t u d i e d  by our group a t  lower ene rg ie s l0  but never 
attempted i n  the  in t e rmed ia t e  energy region u n t i l  now) 
should be continued, adding some measurements of 
E, (MeV) deuteron capture ,  f o r  2-par t ic le  - 2-hole informat ion,  
i n t o  the  same f i n a l  nuc le i  a s  s tud ied  i n  proton- and 
4 
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( 3 R w - 2 R w )  
He-capture . 
F i r s t  p r i o r i t y  i s  being given t o  higher-energy 
proton capture  measurements, with 3 ~ e  capture  s t u d i e s  
a l s o  of major i n t e r e s t .  Apparatus is a l s o  being 
designed t o  prepare  f o r  more complex measurements, such 
a s  the  coincidence experiments,  f o r  the  near fu tu re .  
I n  nea r ly  a l l  a spec t s  of t he  program ou t l ined  here ,  
improved gamma-ray energy r e s o l u t i o n  would a l low more 
O C  -,-,--., ..--- -- C 
40 50 60 70 80 90 d e f i n i t i v e  measurements t o  be accomplished; t h e  
Ex (MeV) 
a c q u i s i t i o n  of a second d e t e c t o r  i s  a l s o  an  abso lu te  
requirement f o r  some of the  proposed work. - A  proposal  
Figure  2. Evidence f o r  a Third Harmonic g i a n t  f o r  t he  a c q u i s i t i o n  of such a d e t e c t o r  has been 
resonance. 
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submitted t o  the  National Science Foundation by the  
I The work we have done thus  f a r  has r a i s e d  a host  Ohio S t a t e  group. Add i t iona l ly ,  an enlarged space i n  
of new quest ions  which r equ i re  i n v e s t i g a t i o n  i n  s e v e r a l  t he  gamma cave, o r  an a l t e r n a t i v e  t a r g e t  a rea ,  w i l l  be 
d i f f e r e n t  d i r e c t i o n s :  Higher-energy proton cap tu re  an  abso lu te  necess i ty  f o r  the  two-detector experiments 
~ work is needed t o  cont inue the  s t u d i e s  of g i a n t  proposed here. 
resonances b u i l t  on exc i t ed  s t a t e s ,  a s  wel l  a s  t o  A new d e t e c t o r  f o r  gamma rays  i n  the  20 t o  150 MeV 
resume the o r i g i n a l l y  proposed s t u d i e s  of t he  capture  range i s  needed both a s  a stand-alone device -- t ak ing  
mechanism over an extended energy range t o  determine advantage of i t s  higher r e s o l u t i o n  -- and, i n  
I t h e  r e l a t i v e  importance of exchange  current^,^ and the  conjunct ion wi th  the  present  O.S.U. d e t e c t o r ,  a s  p a r t  I 
~ i n f luence ,  i f  any, of the  A resonance9 on r a d i a t i v e  of two-arm experiments. I n  the  former case ,  we note 
capture .  Addi t ional  nuc le i  must be s tud ied  t o  t e s t  our t h a t  we a l r eady  have experienced a ga in  of nea r ly  a 
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f a c t o r  of two (from 4.3% FWHM t o  2.4% a t  40 MeV) 
through i n s t a l l a t i o n  of a b e t t e r  NaI c r y s t a l  i n  our 
o r i g i n a l  system l a s t  year ;  t h a t  improvement has enabled 
us  to  begin s t u d i e s  i n  the  silicon-phosphorous region 
with  near ly  the  experimental success we obtained 
e a r l i e r  with carbon and ni t rogen.  Moving higher  i n  the  
pe r iod ic  t a b l e ,  however, is  not the  primary goal here. 
Rather,  t he re  continue t o  be u n c e r t a i n t i e s  over exac t ly  
which s t a t e s ,  i n  close-lying groups, a r e  a c t u a l l y  
exc i t ed  i n  the  capture  r eac t ions  we have a l ready looked 
a t .  I n  p a r t i c u l a r ,  t h e  c l u s t e r  of s t a t e s  i n  1 2 c  near 
1 9 ~ e v ,  which includes  the  4- "s t r e t ched"  s t a t e s ,  has 
been of g rea t  i n t e r e s t  t o  us; r e so lu t ion  a t  the  l e v e l  
b e t t e r  than 2%, while s t i l l  not capable of c l e a r l y  
r e so lv ing  every component of t h a t  c l u s t e r  i f  i t  were 
present  i n  the  capture  r eac t ion ,  should be capable of 
ve r i fy ing  o r  r e j e c t i n g  our present  spectrum-stripping 
r e s u l t s  wi th  s u b s t a n t i a l l y  smal ler  unce r t a in t i e s .  
Even more important t o  our program w i l l  be the  
c a p a b i l i t y  of us ing two de tec to r s  a t  once. One of the  
important t o o l s  we have used i n  our neighboring-nuclei 
s t u d i e s  is  the  measurement of analyzing powers. Both 
f o r  the extensions  of these  s t u d i e s  and f o r  our 
higher-energy proton capture  measurements 
analyzing-power determinations w i l l  play a c r u e i a l  
ro le .  Differences  i n  p red ic t ions  of cross  sec t ions  and 
angular  d i s t r i b u t i o n s  from var ious  proposed 
intermediate-energy photonuclear r eac t ion  mechanisms do 
e x i s t  ,8 but they a r e  not large .  Analyzing powers, 
however, a r e  expected t o  be c l e a r l y  d i f f e r e n t  when 
ca lcu la ted  us ing d i f f e r e n t  formalisms. The 
measurements we have a l ready made over the  pas t  few 
years  have been l imi ted ,  by the  small  cross  sec t ions  of 
t h e  r eac t ions  under s tudy,  t o  fewer data  points  and 
l e s s  s t a t i s t i c a l  accuracy than would be des i r ab le .  The 
use  of a second de tec to r ,  i n  l e f t - r i g h t  geometry, w i l l  
double the  da ta  acquired i n  a given time, while a l s o  
cance l l ing  out some of the  poss ib le  experimental 
asymmetries one-arm analyzing power measurements cannot 
account fo r .  
The coincidence measurements noted above w i l l  
e n t a i l  a more ambitious undertaking f o r  our group, but 
they may be the  only way t o  s e t t l e  some of the  
quest ions  about the  s t a t e s  p a r t i c i p a t i n g  i n  the  
r eac t ions  we have measured. The recent  experiments a t  
IUCF led  by M.A. Kovashl1, a former O.S.U. s tuden t ,  i n  
measuring sp in - f l ip  p r o b a b i l i t i e s  i n  i n e l a s t i c  
s c a t t e r i n g  of protons by 12c,  have demonstrated the  
f e a s i b i l i t y  of coincidence measurements with our 
de tec to r  i n  the  IUCF environment. The use of two such 
d e t e c t o r s ,  f o r  gamma-gamma coincidence measurements, 
would be a major add i t ion  t o  our c a p a b i l i t i e s  i n  
g e t t i n g  out the  d e t a i l s  we need. 
Our group has been a c t i v e  f o r  many years  i n  
developing and improving NaI-based d e t e c t o r  systems f o r  
measuring capture-gamma spectra .  12 Our present  system, 
b u i l t  around a 10-inch diameter by 12-inch long 
c r y s t a l ,  u t i l i z e s  a p l a s t i c  ant icoincidence s h i e l d ,  
p i l eup- re jec t ion  e l e c t r o n i c s ,  gain  s t a b i l i z a t i o n ,  and 
neutron-background reduct ion by time-of -f l i g h t .  Our 
data-acquis i t ion methods, a s  we l l  a s  data-reduction 
techniques,  a r e  designed t o  e x t r a c t  maximum informat ion 
from the  de tec to r .  The new c r y s t a l  w i l l  have the  same 
dimensions a s  our present  d e t e c t o r  ( f o r  symmetry i n  t h e  
analyzing power experiments),  manufactured t o  the  
to le rances  and u t i l i z i n g  the  production and t e s t i n g  
techniques repor ted i n  Ref. 13. A c r y s t a l  so  produced 
should have non-unif ormi t i e s  smal l  enough t h a t  the  
energy r e s o l u t i o n  w i l l  have a s u b s t a n t i a l  con t r ibu t ion  
from photoelect ron production s t a t i s t i c s  i n  the  
system's photomul t ip l ier  tubes.  I f  a c r y s t a l  with the  
lower-energy performance of Ref. 13 (2.1% a t  40 MeV,  
wi th  s u b s t a n t i a l l y  b e t t e r  uniformity  than our present  
c r y s t a l )  can be obta ined,  r e s o l u t i o n  near  100 MeV could 
approach 1.4%! The use of a s p l i t  annulus f o r  t he  
shie ld13,  f o r  b e t t e r  l i g h t  c o l l e c t i o n  and the re fo re  
b e t t e r  ant icoincidence e f f i c i e n c y ,  w i l l  a l s o  be a p a r t  
of the  new d e t e c t o r  design. 
The r i chness  of new phenomena we have a l r eady  
found i n  these  measurements suggests  t h a t  experiments 
of an explora tory  na tu re ,  u t i l i z i n g  c a r e f u l l y  s e l e c t e d  
r eac t ions  and appropr i a t e  experimental  parameters,  w i l l  
be the  most f r u i t f u l  way i n  which our  program can be 
run. For example, i n  our e a r l y  s t u d i e s ,  we found t h a t  
t he  energy dependence of these  r eac t ions  was very 
i n t e r e s t i n g .  But measuring d e t a i l e d  e x c i t a t i o n  
curves,  t o  get  out t he  d e t a i l s  (which a l s o  proved t o  be 
very i n t e r e s t i n g )  was b e t t e r  c a r r i e d  out  by o the r  
groups wi th  more appropr i a t e  f a c i l i t i e s .  14 We 
t h e r e f o r e  expect t o  ca r ry  out  experiments i n  each of 
t h e  a r e a s  we descr ibed above (higher-energy proton 
cap tu re ,  deuteron and He cap tu res ,  and coincidence 
measurements) on well-chosen examples, hoping t o  ge t  a 
broad overview of the  phenomena r a t h e r  than a complete 
p i c t u r e  of a very narrow por t ion  of the  informat ion 
a c c e s s i b l e  t o  us through r a d i a t i v e  capture  s t u d i e s  i n  
t h i s  energy range. 
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